Aim Chronic peri-pouch sepsis (CPPS) may be mistaken for antibiotic-dependent or refractory primary idiopathic pouchitis (ADRP), but requires different treatment such as drainage. The study aimed to identify the prevalence of CPPS in patients thought to have ADRP. The secondary aims were to identify any specific features on pouchoscopy suggesting CPPS and to determine the results of treatment for CPPS.
Introduction
Restorative proctocolectomy (RPC) with the formation of an ileal pouch-anal anastomosis is a surgical option in patients with medically refractory ulcerative colitis (UC) and familial adenomatous polyposis (FAP). Although this procedure avoids a permanent ileostomy, a poorly functioning pouch occurs in up to 30% of cases [1, 2] . One of the most common causes of pouch dysfunction is pouchitis, which occurs in 20%-50% of UC patients [3, 4] and in about 5% of FAP patients [5] [6] [7] . Primary idiopathic pouchitis can lead to failure but is usually mild and easily treated with antibiotics [8] .
Due to the high incidence of pouchitis, clinicians tend to prescribe antibiotics empirically based only on symptoms before commencing investigation. Usually pouchoscopy will be performed if symptoms do not improve or symptoms recur rapidly after treatment with antibiotics. This is referred to as antibiotic-refractory primary idiopathic pouchitis or recurrent/antibioticdependent primary idiopathic pouchitis.
When the body of the pouch shows inflammatory features on pouchoscopy and structural abnormalities such as outlet obstruction or obvious anastomotic leakage are excluded, the diagnosis of primary idiopathic pouchitis is usually made. Chronic peri-pouch sepsis as a cause of secondary pouch inflammation, however, is still a possibility and should also be excluded. The symptoms may partly improve when treated with antibiotics and thus can follow a clinical course similar to that of antibiotic-dependent primary idiopathic pouchitis. This makes the diagnosis of chronic peri-pouch sepsis difficult during empirical antibiotic treatment. Chronic peri-pouch sepsis requires an MRI scan of the pelvis for diagnosis and patients may benefit from a different treatment strategy, such as drainage. In addition, treatments used when antibiotics fail to control primary idiopathic pouchitis, such as immunosuppressants or biologics, are likely to cause worsening of any sepsis.
The primary aim of the present study was to identify the prevalence of chronic peri-pouch sepsis in patients who were initially treated for antibiotic-dependent or refractory primary idiopathic pouchitis. The secondary aims were to identify features on pouchoscopy that may suggest chronic peri-pouch sepsis and to evaluate the outcome of treatment.
Method
A retrospective cohort study was performed of patients with pouch dysfunction who had been referred between March 2006 and July 2015 to the Department of Surgery or the IBD Unit of St Mark's Hospital who had (i) inflammatory features on pouchoscopy, (ii) an MRI scan of the pelvis and (iii) received treatment at some stage during their management for antibiotic-dependent or refractory primary idiopathic pouchitis.
Patients had one or more of the symptoms suggestive of pouch dysfunction such as high pouch frequency, urgency, bleeding, abdominal and/or pelvic pain and incontinence. Although all patients had symptoms and inflammatory features on pouchoscopy suggestive of pouchitis, no specific scoring system was used (e.g. the Pouchitis Disease Activity Index [9] ). Patients with a defunctioned pouch, a redo pouch, known Crohn's disease or obvious sepsis who were not treated as having primary idiopathic pouchitis were excluded. Antibioticdependent/refractory primary idiopathic pouchitis was defined as patients with inflammation of the ileal mucosa on pouchoscopy who had been treated with a 2-week course of ciprofloxacin and a further 4 weeks of ciprofloxacin and metronidazole and were still symptomatic or relapsed rapidly after stopping antibiotics.
An MRI scan was classified as indicating the presence of chronic peri-pouch sepsis when it showed a pre-sacral collection of any size. Additional data regarding demographics, the interval from pouch formation to the first MRI to assess the possibility of chronic peri-pouch sepsis, treatment details and follow-up were collected from the medical records. Pouchoscopy reports were used to determine the location and the extent of inflammation in the pouch.
The decision to defunction or excise a pouch was made between the clinician and the patient. Some patients with poor pouch function preferred to preserve anal function despite significant symptoms, while others opted for an ileostomy. As this was not life-threatening but a quality of life related decision, there were no clear-cut objective criteria to dictate the choice of treatment.
Results
Sixty-eight patients (43 men, 63%) were included. The initial diagnosis before the initial pouch surgery was UC in 66 (97%), indeterminate colitis in 1 (1.5%) and FAP in 1 (1.5%). The patients were aged between 7 and 64 years (median 33) at the time of RPC. The median interval from pouch formation to the first MRI was 7 (0-32) years.
Pelvic MRI showed chronic peri-pouch sepsis in 26 (38%) patients including 15 (58%) men and 11 (42%) women (Fig. 1) . No statistically significant differences were found between patients with and without chronic peri-pouch sepsis regarding gender (P = 0.0654), initial disease (P = 0.1893), age at the time of pouch formation (P = 0.2393) or the interval from pouch formation to the first MRI (P = 0.2260; Table 1 ).
There were no statistically significant differences in the extent of inflammation on pouchoscopy between patients with and without chronic peri-pouch sepsis specific features (Table 2 ). There was a difference, however, in the location of inflammation whereby it was more often located in the upper part of the pouch alone in patients with chronic peri-pouch sepsis (15%) than in patients without (0%) (P = 0.0184).
Of the 26 patients with chronic peri-pouch sepsis, the collection was considered to be too small for drainage in 13 (50%). Of these, 3 (12%) patients were defunctioned because of ongoing persisting symptoms despite being on antibiotic treatment, one of whom eventually underwent pouch excision. The other 10 (38%) patients were continued on long-term antibiotic treatment. An examination under anaesthetic (EUA) was performed in 13 (50%) of the 26 patients who had a potentially drainable collection on MRI. A collection was found and drained in five of these patients, but symptoms improved in only one (4%). The interval from pouch formation to the first MRI in this patient was 5 years. The other four patients had ongoing symptoms despite drainage and were treated with long-term antibiotics (n = 2) or formation of an ileostomy (n = 2). The median interval from pouch formation to the first MRI in these patients was 11 (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) years. In the remaining 8 of the 13 patients who had an EUA no drainable collection was found, because the cavity either was rigid and shallow and already draining or could not be found. Due to ongoing symptoms six patients remained on long-term antibiotics. In one patient the pouch was eventually defunctioned. Based on the findings on MRI, one patient had an EUA and defunctioning of her pouch as a one-stage procedure. Eventually the patient underwent pouch excision (Fig. 1) . Overall, of the 26 patients with chronic peri-pouch chronic inflammation, 7 (28%) underwent surgery to defunction (five) or remove (two) the pouch and 18 (69%) continued antibiotics (Table 3) . Of the patients who did not have chronic peri-pouch sepsis as judged by MRI, at least one patient received immunomodulators. None of the patients who were found to have peri-pouch sepsis received immunosuppressants or biological agents.
Discussion
The study has shown that 40% of patients thought to have antibiotic-dependent pouchitis were found on MRI of the pelvis to have chronic peri-pouch sepsis.
Other than the radiological investigation there was no distinctive clinical or endoscopic feature to differentiate pouchitis from sepsis, although inflammation confined to the upper part of the ileal pouch was more likely in patients with the latter diagnosis. Peri-pouch sepsis after RPC is reported to occur in 6%-37% of patients [10] [11] [12] [13] and is associated with a high risk of failure [14, 15] . Many studies have investigated its effect on long-term quality of life or function with contradictory results [16] [17] [18] [19] [20] [21] , but most included only small numbers of patients followed for a short period. In one large retrospective study of 3234 patients, 200 (6.2%) were reported to have developed peri-pouch sepsis during a median follow-up period of 7 (0.25-10) years [22] . They had significantly worse incontinence and daytime seepage than those without sepsis and were more likely to experience reduced quality of life resulting in dietary, social, work and sexual restrictions. Thus although the prevalence of patients with chronic peripouch sepsis is low, the condition can severely affect the patient's life and is an important cause of failure.
Pouchitis is much more common in patients with UC [3, 4] than FAP [5] [6] [7] with respective incidences of 20%-50% and 5%. The symptoms can include high frequency of defaecation, urgency, bleeding, abdominal pains and incontinence. Clinicians tend to diagnose pouchitis based on these symptoms and commence empirical antibiotics often before initiating investigation. Patients with pouchitis and chronic peri-pouch sepsis can therefore demonstrate similar clinical features and are both likely to be given antibiotics. Pouchoscopy is the most frequently used investigation in patients with poor bowel function. It gives good views of the ileal mucosa in the pouch but no information on the state of peri-pouch tissues. For this an MRI is required. When it was requested the present study has shown that over a third of patients being treated for pouchitis actually had peri-pouch sepsis. Unfortunately drainage of a collection when present did not help most of the patients. This may be because they had both conditions or because the sepsis was too chronic to be reversible by the time it was drained. It is impossible to know whether a small collection is responsible for symptoms, particularly since there is little information on MRI in patients with good function. It is also not possible to know the significance of the observation of inflammation in the upper pouch which is seen more often in patients with chronic sepsis and may be a spurious observation.
The retrospective design of the study had several limitations. Only patients who had both a pouchoscopy and MRI were included. This meant that two-thirds of patients who had inflammatory features on pouchoscopy were excluded because they did not have an MRI. This is an example of selection bias which in addition resulted in a small number of patients in the study group. Limited information was available on the clinical course and previous treatment of the patients, since many were referred from other hospitals. Patient details were extracted from the medical notes and consequently a limited amount of information was available such as the date of surgery and the MRI. There were other potential biases, such as referral bias and the timing of investigation.
The median interval from RPC to MRI of 7 years implies that patients with a collection which has been present since the operation may have received ineffective antibiotic treatment for a very long time. An MRI scan should therefore be considered much earlier during the investigation of patients with antibiotic-dependent pouchitis. As soon as it is clear that the patient is still symptomatic after treatment with a 2-week course of ciprofloxacin and then a further 4 weeks of ciprofloxacin and metronidazole, an MRI should be performed. This would achieve earlier diagnosis which in some cases might enable effective drainage before the tissues Table 3 The outcome of 26 patients with chronic peri-pouch sepsis initially treated for antibiotic-dependent refractory pouchitis.
N = 26 (%)
Improvement of symptoms after drainage 1 (4) Continued long-term antibiotic treatment 18 (69) Defunctioning stoma 5 (19) Excision of pouch 2 (8) become rigid from chronic inflammation. Treatment of patients with antibiotic-dependent refractory pouchitis may evolve towards the prescription of immunosuppressants and biological agents. In the presence of sepsis, these drugs may cause a severe exacerbation of local sepsis, and before considering them an MRI should always be performed. Knowledge of the presence or absence of chronic peri-pouch sepsis in a patient presumed to have chronic refractory pouchitis would allow the appropriate treatment to be given.
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